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Abstract
Background: The ability to recognize emotions in facial expressions relies on an extensive neural
network with the amygdala as the key node as has typically been demonstrated for the processing
of fearful stimuli. A sufficient characterization of the factors influencing and modulating amygdala
function, however, has not been reached now. Due to lacking or diverging results on its
involvement in recognizing all or only certain negative emotions, the influence of gender or
ethnicity is still under debate.
This high-resolution fMRI study addresses some of the relevant parameters, such as emotional
valence, gender and poser ethnicity on amygdala activation during facial emotion recognition in 50
Caucasian subjects. Stimuli were color photographs of emotional Caucasian and African American
faces.
Results: Bilateral amygdala activation was obtained to all emotional expressions (anger, disgust,
fear, happy, and sad) and neutral faces across all subjects. However, only in males a significant
correlation of amygdala activation and behavioral response to fearful stimuli was observed,
indicating higher amygdala responses with better fear recognition, thus pointing to subtle gender
differences. No significant influence of poser ethnicity on amygdala activation occurred, but analysis
of recognition accuracy revealed a significant impact of poser ethnicity that was emotion-
dependent.
Conclusion: Applying high-resolution fMRI while subjects were performing an explicit emotion
recognition task revealed bilateral amygdala activation to all emotions presented and neutral
expressions. This mechanism seems to operate similarly in healthy females and males and for both
in-group and out-group ethnicities. Our results support the assumption that an intact amygdala
response is fundamental in the processing of these salient stimuli due to its relevance detecting
function.
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Functional neuroimaging studies focusing on the associa-
tion of human amygdala with emotions, especially of its
role in facial emotion processing in healthy subjects, have
revealed activity related to several emotions, albeit with
considerable inconsistence. For instance, Morris and col-
leagues [1,2] observed only left amygdala response when
comparing emotional (happy, fearful) with neutral faces
and enhanced left amygdala for fearful faces compared to
happy. Likewise Blair and colleagues [3] reported left
amygdala activation to sad expressions but no amygdala
response to angry faces, whilst Nomura et al. [4] observed
more pronounced right amygdala activation to sublimi-
nally presented angry faces than to neutral faces. Whalen
et al. [5] reported amygdala activation to fearful and angry
facial expressions. Divergent results on laterality of amy-
gdala response and emotional valence also are reported
by Britton et al. [6] and influence of stimulus material on
amygdala activation has been demonstrated by Hariri et
al. [7] who observed stronger right sided amygdala activa-
tion for emotional expressions (angry or afraid), whereas
emotional scenes elicited stronger left-sided amygdala
response. Only some studies have observed amygdala
response to positive emotions (happy) [e.g., [8-12] right
only]. The same holds true for the characterization of a
response to all basic emotions presented [[13-16] left
amygdala only] and only Chiao et al. [13] used an explicit
emotion recognition task. Additionally, Sommer and col-
leagues [17] reported stronger left-sided amygdala activa-
tion during an emotional attribution task, supporting
previous findings that proposed high involvement of the
amygdala also in social judgments [e.g., [18,19]].
In sum, these results point to amygdala involvement in
more neural pathways than just those responsible for fear-
ful or threat related expressions, albeit with findings being
extremely heterogeneous both in the emotions to which
response is demonstrated and in laterality of activation.
Given the technical difficulty of amygdala fMRI and the
range of experiment designs employed, it seems likely that
a number of methodological factors are responsible for
the disparities between these studies. The anterior ventral
brain region, where the amygdala is located, is affected by
susceptibility artifacts especially in low-resolution meas-
urements and at high magnetic fields. This can lead to low
signal-to-noise ratio (SNR), and may account for failures
to observe amygdala activation in single subjects [20,21].
Most studies have examined female and male subjects
without analyzing the influence of gender, e.g. [13,16,17],
despite its demonstrated importance in affecting neural
systems involved in emotion processing (for reviews see
[22,23]). Furthermore, the ethnic group of poser has been
shown to be an influencing factor on the response of the
amygdala [24-27], mostly indicating stronger reactions to
out-group faces. However, these studies also postulated
several modulating factors for this poser effect on amy-
gdala activation, such as presentation time or task instruc-
tion. A critical point probably accounting for some of the
reported divergences may be the definition of the emo-
tional function or in other words the applied task: most
studies used passive viewing and implicit emotion
processing tasks, requiring for instance simple gender dis-
crimination, e.g. [2,3,28], without an adequate discussion
on the definition of the target function and the limitations
in possible interpretations and generalizations. Often
these tasks have implicitly been equated to emotion rec-
ognition though they are not really comparable in task
requirements and processing load, since explicit emotion
recognition tasks may require rather different neural net-
works than passive viewing or matching tasks. Moreover,
there is no consensus on a general definition of emotion
recognition, emotion processing, and emotion discrimi-
nation, which differ in their functional substrates but are
experimentally not clearly separated from each other. For
example, emotion matching paradigms [7] are also
referred to as measuring emotion recognition, however,
subjects are never asked to explicitly recognize or classify
the displayed emotion. Thus, those paradigms lack infor-
mation if subjects really knew which emotion they actu-
ally matched, if these were two happy faces, two angry
faces or two fearful faces and any confusion of emotions
cannot be validated. Despite the fact that emotion recog-
nition is a function of major relevance and clinical impact,
explicit emotion identification tasks have rarely been
applied in studies employing neuroimaging tools but pos-
sess the opportunity to correlate behavioral performance
(recognition accuracy and reaction time) with neural cor-
relates providing new insights in the relation between
neural activation and behavior.
In a preceding study from our lab optimized fMRI meth-
odology was applied to examine the impact of task
instruction on amygdala activation by directly comparing
implicit vs. explicit tasks (implicit: age discrimination vs.
explicit: emotion recognition; both using facial expres-
sions from the same stimulus set [29]). There, the rele-
vance of the amygdala during emotional face processing
was highlighted, however, stronger activation occurred
during explicit emotion recognition. To further character-
ize the role of the amygdala during these explicit emotion
recognition demands with respect to different emotion
qualities one objective of the present study was that to
directly compare between the single basic emotions
applied. This means that we extended previous studies by
not only performing the simple comparison between pos-
itively and negatively valenced stimuli as shown before
[e.g., [8]]. Moreover, we aimed at further exploring the
impact of gender of rater and ethnic group of poser on
amygdala activation, as previous studies, mentionedPage 2 of 14
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address these issues.
Based on previous results [16,29] and regarding its evalu-
ation and relevance detection function [30] we tested the
hypothesis that all emotional and neutral facial expres-
sions elicit bilateral responses of the amygdala when the
task requires the explicit verbal categorization of an emo-
tional facial expression. Therefore, we selected a large
sample of Caucasian females and males and measured
high-field BOLD changes in response to an explicit facial
emotion recognition task applying advanced measure-
ment and analysis techniques optimized for ventral brain
regions [31-33]. The explicit emotion recognition task
consisted of emotional expressions (anger, disgust, fear,
happy, and sad) and neutral faces and participants were
asked to choose the correct emotion from two possibili-
ties presented on the left and right of the image as accu-
rately and as quickly as possible, by pressing the
corresponding button of a response box using the right
hand (a more detailed description of the task can be
found in the Materials and Methods section and else-
where [34]).
Results
Behavioral data
The behavioral data of 3 female subjects (out of 25 in
total) could not be included in the analysis due to a tech-
nical problem with the response device. For the emotion
recognition performance during scanning the repeated
measures ANOVA revealed a significant emotion effect
(F(5,230) = 3.813, p = 0.006), no significant effect of
poser ethnicity (F(1,45) = 1.200, p = 0.279), a significant
interaction between emotion and poser ethnicity
(F(5,230) = 22.980, p < 0.001) but no significant gender
effect (F(1,45) = 0.116, p = 0.96). Additionally, neither a
significant poser ethnicity-by-gender interaction (F(1,45)
= 0.741, p = 0.394) nor a significant emotion-by-poser
ethnicity-by-gender interaction (F(5,230) = 1.035, p =
0.392) emerged.
Considering the statistically significant interaction
between emotion and poser ethnicity, post hoc tests
revealed that angry (t = -2.959, p = 0.013), disgusted (t = -
7.047, p < 0.001), and neutral expressions (t = -2.962, p =
0.005) were significantly better recognized in AA faces
than in CA faces. For fearful (t = 6.189, p < 0.001), sad (t
= 2.549, p = 0.014) and happy faces (t = 4.071, p < 0.001)
recognition accuracy was higher in CA faces than in AA.
Similarly for reaction times a significant emotion effect
(F(5,41) = 24.122, p < 0.001) and a significant emotion-
by-poser ethnicity interaction (F(5,41) = 8.568, p < 0.001)
emerged, without significant gender effect (F(1,45) =
1.439, p = 0.237) or poser ethnicity effect (F(1,45) =
0.164, p = 0.688). The interactions between emotion and
gender (F(5,41) = 1.078, p = 0.370) and between poser
ethnicity and gender (F(1,45) = 1.448, p = 0.235)
remained not significant. Post-hoc tests for the emotion-
by-poser ethnicity interaction revealed that there was no
significant difference in the reaction times for angry faces
(t = 0.624, p = 0.536). However, reaction times were sig-
nificantly shorter for AA disgusted faces (t = 2.533, p =
0.015) and neutral expressions (t = 2.919, p = 0.005) com-
pared to the corresponding reaction times for CA faces. A
trend for faster responses to fearful faces (t = -1.973, p =
0.054) was also notable. By contrast, sad (t = -3.251, p =
0.002) and happy faces (t = -3.791, p < 0.001) were recog-
nized faster in CA faces. Identification accuracy and mean
reaction times for all emotions across all subjects are dis-
played in Figure 1 and significant differences are marked.
Correlation analysis of recognition accuracy for each emo-
tion with the corresponding response times revealed sev-
eral significant relations, except for anger (r = -0.280, p =
0.056) which only reveals a trend, all indicating that the
better the performance the faster the response (fear: r = -
0.427, p = 0.003; disgust: r = -0.405, p = 0.005; happiness:
r = -0.347, p = 0.017; sadness: r = -0.322, p = 0.027; neu-
tral: r = -0.581, p < 0.001) or vice versa.
Functional data
Whole slab analysis – Emotions
For analysis of emotion effects we pooled data over both
sexes as well as over CA and AA faces and assessed the dif-
ferential neural response to the various emotional catego-
ries. All emotions as well as neutral expressions provoked
a significant response of the amygdala bilaterally (see Fig-
ure 2 and Table 1).
Results of an ANOVA with emotion as within-subjects fac-
tor revealed no significant difference between emotions
and neutral expressions in the amygdala activation (p <
0.05 FDR).
Correlation analysis of recognition accuracy for each emo-
tion presented during fMRI and corresponding BOLD sig-
nal revealed a significant moderate positive correlation
(left: r = 0.39, p = 0.007; right: r = 0.42, p = 0.004)
between accuracy and amygdala response to fearful faces
only. No further correlation of recognition accuracy or
reaction time with BOLD response in the amygdala region
reached significance after correction for multiple correla-
tions (all p's > 0.008).
Interestingly, an exploratory calculation of correlation
coefficients for females and males separately revealed a
significant association between recognition accuracy and
amygdala activation to fearful faces only in the male
group (left: r = 0.53, p = 0.006; right: r = 0.61, p = 0.001;Page 3 of 14
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Applying a Fisher Z transformation to control whether
correlations differ significantly from each other revealed
no significant result (left: Z = 0.823; right: Z = 1.473, both
Z < 1.65 which is the critical Z-value for alpha = 0.05). For
reaction time and amygdala activation to fearful faces no
correlation reached significance in both groups (females:
left: r = -0.23, p = 0.304; right: r = -0.33, p = 0.129; males:
left: r = -0.39, p = 0.055; right: r = -0.36, p = 0.079) though
a trend in the male sample was notable.
Poser ethnicity
Examining the influence of ethnic group of poser we
observed bilateral amygdala response to all emotional
and neutral expressions of AA and CA actors (p < 0.05
FDR corrected). Direct comparison between activation
maps of AA and CA faces for the different emotional
expressions and neutral condition showed no significant
difference in amygdala activation for any emotion (p <
0.05 FDR corrected).
Gender of rater
Females and males showed bilateral amygdala activation
to every emotional condition (p < 0.05 FDR corrected).
Direct comparison between activation maps of females
and males for each emotion revealed no significant differ-
ence in amygdala response (p < 0.05 FDR corrected).
Emotion recognition accuracy (a) and reaction times (b) for all emotions for African American (AA) and Caucasian (CA) facesFigure 1
Emotion recognition accuracy (a) and reaction times (b) for all emotions for African American (AA) and Cau-
casian (CA) faces. Significant differences (p < 0.05) are marked by an asterisk.Page 4 of 14
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of other brain structures besides the amygdala to the facial
stimuli, in particular fusiform gyri, inferior temporal and
frontal regions. As the focus of this work was to character-
ize the association of the amygdala with expressions of
basic emotions and facing the fact that the focus on 10
slices around the amygdala restricted analysis to ventral
brain structures we present activation results only for the
amygdala region.
ROI analysis
Results of the ROI analysis for the amygdala region
revealed no significant emotion effect (F(5,240) = 2.335,
p = 0.083), no significant effect of poser ethnicity (F(1,48)
= 0.728, p = 0.398), no laterality effect (F(1,48) = 3.240,
p = 0.078), and no significant gender effect (F(1,48) =
0.259, p = 0.613). In addition, no interaction reached sig-
nificance (all p's > 0.281). Thus, results of the ROI
approach fully support the findings from the whole-slab
analysis. See Figure 3 for mean parameter estimates.
Results of whole slab random effects analysis separately for each emotion across all subjects on one coronal slice (y = 0) pass-ing through the amygdala (p < 0.05, FDR corrected)Fi re 2
Results of whole slab random effects analysis separately for each emotion across all subjects on one coronal 
slice (y = 0) passing through the amygdala (p < 0.05, FDR corrected). Analysis revealed bilateral amygdala response to 
all emotions and neutral expressions across female and male subjects.Page 5 of 14
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Table 1: Results from random effects analysis showing Z-values, cluster size and p-values for left and right amygdala regions (MNI x,y,z: 
+/- 20, 0, -20, small volume corrected) for all emotions and neutral expressions separately.
Contrast L/R MNI-Coordinates Z-Values Cluster-size p-Value
X Y Z
R 16 0 -14 6.45 394
Anger L -18 0 -16 6.74 416
R 16 2 -18 7.01 445
Disgust L -20 0 -18 7.34 443
R 16 -4 -12 5.57 458
Fear L -18 0 -12 6.59 437 p < 0.001 FDR
R 12 -2 -16 4.96 459
Happiness L -18 2 -18 5.21 446
R 16 0 -16 6.29 447
Sadness L -18 -2 -16 6.46 424
R 18 2 -18 5.90 440
Neutral L -18 0 -18 6.61 438
Results from ROI analysis: mean parameter estimates (with S.E.M) for left and right amygdala for each emotion across all sub-jectsFig re 3
Results from ROI analysis: mean parameter estimates (with S.E.M) for left and right amygdala for each emo-
tion across all subjects. Repeated measures ANOVA revealed no significant emotion effect (p = 0.083), neither a poser eth-
nicity effect (p = 0.398), nor any lateralization (p = 0.078) or gender effects (p = 0.613). Moreover, no interaction reached 
significance.
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Emotions
Our results demonstrate strong bilateral amygdala activa-
tion during the explicit identification of all applied basic
emotions and neutral facial expressions, never shown
before in studies addressing emotion identification. These
findings support the hypothesis that all facial expressions
of emotions – irrespective of valence – would elicit amy-
gdala activation when there is an explicit requirement to
identify the emotion. Together with previous results dem-
onstrating amygdala activation during incidental emo-
tional face processing [29,35], our data support the theory
that the amygdala serves an appraisal role and prioritizes
a fast and raw evaluation mechanism for emotionally sali-
ent cues [36-38]. Robust amygdala responses occurred
also during happy and neutral face processing, consolidat-
ing the conclusion that responses of the amygdala are not
limited to the processing of negative stimuli. Sander, Graf-
man and Zalla [28] considered the amygdala as a 'rele-
vance detector' which not only explains responsiveness to
fearful and negative stimuli but also to positive and even
neutral stimuli, hence a broader spectrum of biologically
relevant stimuli, which finds support in animal models
[e.g., [39,40]] and human studies across different modal-
ities (static faces: e.g., [8,14-16]; auditory stimuli: e.g.,
[41,42]; olfactory stimuli: e.g., [43]; moving whole-body
cues: e.g., [44]; for review see [45]). This is in accordance
with results from studies on backward masking, e.g. [46],
suggesting some kind of monitoring function of the amy-
gdala, i.e. we never ignore a facial expression as it might
be of relevance, further strengthening the assumption of
the evaluative function of the amygdala, assessing the
behavioral relevance associated with a specific socio-emo-
tional stimulus and initiating the adequate responses
(approach/avoidance). The same phenomenon – amy-
gdala activation to neutral stimuli – has been perfectly
demonstrated in LeDoux's famous figure [36] depicting
the subcortical and cortical pathways toward the amy-
gdala and the differentiation between an obviously neu-
tral stick that might be misjudged as a snake in the first
appraisal when only information of the subcortical path-
way is processed. In our study we did not see a significant
difference in amygdala activation between the emotions,
however, even with optimized protocol and increased
sensitivity fMRI today might not be able to map qualita-
tive differences due to inherent restrictions in temporal
and spatial resolution.
The fact that we observed strong amygdala activation to
happy expressions might be linked with the fact that
happy represented the only positive emotion hence nov-
elty effects [cf. [47]] might have triggered stronger reac-
tions as all happy faces are characterized by a distinct
expression and clearly differ from all negative emotional
expressions that show more overlap in expression.
Notably, a positive correlation emerged between BOLD
signal change in the amygdala and recognition accuracy,
and a corresponding negative correlation with response
times, for fearful faces only. Furthermore, correlation
analysis of recognition accuracy and reaction time
revealed a significant negative relation indicating that sub-
jects who took longer made more errors. In light of the sig-
nificant correlations of behavioral parameters with BOLD
signal in the amygdala for fearful faces one can assume
that the higher the amygdala activation the better the per-
formance and the faster the response.
To further treat this discussion, the elevated amygdala
activation might also be influenced by emotional conta-
gion as has been shown by several previous studies, e.g.
[48,49], indicating that emotional contagion and simula-
tion of fearful faces might prompt stronger amygdala acti-
vation than the simulation of other emotional
expressions, that are less threatening.
The positive correlation between recognition accuracy and
BOLD signal in the amygdala supports our preceding
results [29] were we found a positive correlation between
amygdala response and emotion recognition perform-
ance, but not age discrimination. However, only for fear-
ful expressions we observed a significant impact of
behavioral performance on amygdala activation, which
does not occur for other emotions or neutral expressions
though no ceiling effects for the other emotions occurred.
This suggests a strong affinity between fear and amygdala
probably driven by ambiguity of stimuli as described by
Whalen [50]. Hence, our data implicate that the amy-
gdala's role is to monitor and evaluate all human facial
expressions though a direct influence on behavior seems
to emerge only for fear processing. Notwithstanding the
universal response of the amygdala in processing all facial
expressions, our results may underline the special role of
fear within the basic emotions as the response to fear has
a unique contribution to survival, providing a signal for
danger, and hence has a special relevance among other
emotions, requiring both a fast and correct responding.
Consequently, most previous studies on emotions
reported amygdala activation to fearful faces, e.g.
[1,2,5,8,13,15-17,51].
Lateralization
We found bilateral amygdala activation for every facial
condition used and observed no significant lateralization
effects, either in the whole slab or in the ROI analysis.
Both analyses revealed similar results, underlining the
application of an optimized protocol when measuring
ventral brain activity. Hence, our data support preceding
results on bilateral activation during emotion processing
[29] and meta-analyses of neuroimaging studies demon-
strating no consistent lateralization effect [52,53]. HartjePage 7 of 14
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of the right hemisphere for emotion processing. Right
amygdala response has been associated with sensory
driven, bottom up processing [55] and processing of
ambiguous stimuli, whereas left amygdala activation is
rather implicated in more cognitive appraisals of emo-
tional stimuli [56,57]. Left lateralization of amygdala acti-
vation has been frequently reported for emotion
processing tasks, e.g. [8,58-60], and recently Fitzgerald
and colleagues [16] reported left only amygdala activation
in processing of emotional faces. Our findings of bilateral
amygdala activation are in line with results from interac-
tion analysis [61] and functional connectivity analyses of
regions involved in emotion processing [61,62]. Accord-
ingly, we assume that lateralization effects are subject to
temporal dynamics [63] and task requirements, e.g. emo-
tional memory [64,65].
In previous studies increased signal drop out in this region
has been reported potentially leading to lateralized activa-
tion as a result from unilateral low SNR in the amygdala
of some subjects [20,21]. Using our methodological
improvements (i.e., optimized high resolution EPI proto-
col as well as physiological artifact correction) has led to
reduced signal drop out in this brain region and likely –
together with the applied task – explains the absence of
findings of lateralization. Preceding results from another
group of 29 healthy subjects also failed to show a lateral-
ization effect [29].
Poser ethnicity
We observed amygdala activation during all conditions
for both ethnic groups, further supporting the general
evaluative function of the amygdala for socially relevant
cues irrespective of cultural background. Previous research
on ethnic group has demonstrated stronger amygdala
response to out-group faces [27,59,66], stimulating dis-
cussion and further studies on amygdala function in eth-
nic biases [13,24,25], prejudicial attitude [26,67], social
judgments and evaluation processes (for review see also
[68]). Results from amygdala lesion studies have demon-
strated that social judgments such as assessing trustwor-
thiness or approachability by perceiving the face are
strongly impaired [18]. Previous indication for amygdala
involvement in more subtle social judgments was pro-
vided by an fMRI study by Winston and colleagues [19],
reporting stronger amygdala activation to faces rated as
untrustworthy. Thus, the amygdala's role appears to be of
particular importance in retrieving socially relevant
knowledge on the basis of facial appearance. In the behav-
ioral data, significant influence of ethnic group on per-
formance was apparent, although not as would be
predicted from the in-group-advantage hypothesis [69].
Indeed, recognition accuracy was better and response
times shorter for AA expressions of anger, disgust and neu-
tral in this entirely Caucasian sample. In contrast, expres-
sions of happiness, sadness and fear were more accurately
and faster recognized in CA faces. However, we did not
observe any influence of poser ethnicity on amygdala acti-
vation and thus our data only partly support recent find-
ings by Chiao et al. [13] who also investigated explicit
emotion recognition in Japanese and European American
subjects using a very similar task with Japanese and Euro-
pean American faces. They observed significantly stronger
amygdala activation to fearful in-group faces in both cul-
tural groups, but no impact of ethnic group of poser for
the other emotions. We failed to show any poser ethnicity
effect on the neural level of the amygdala but observed a
significant difference in the behavioral data, where fearful
in-group faces were recognized more accurately. Despite
the fact that our sample consisted of only one ethnic
group (Caucasian Austrians), we studied twice as many
subjects than Chiao et al. and applied an optimized fMRI
protocol that was especially sensitive for amygdala activa-
tion. Moreover, stereotypes associated with Asian vs. AA
faces might differ, in particular regarding perceived threat
and increased aggressiveness, e.g. [59], probably also
accounting for differences in the observed activation pat-
terns.
The amygdala is but one structure in the neural circuit
underlying recognition of emotions and possesses several
cortical and subcortical feedback routes. Influences of eth-
nic group of poser might also be processed in other
regions known to be essential for identifying emotions
(e.g., insula, fusiform gyrus, orbitofrontal cortex, anterior
cingulate and lateral prefrontal cortex), which have not
fully been covered by our protocol thus allowing only
restricted analysis. Furthermore, the better performance
for in-group expressions of happiness and sadness, emo-
tions that have a strong social aspect, could possibly be
driven by stronger empathy for in-group faces. Higher
accuracy for out-group expressions of disgust and anger,
two negative and complex emotions in part indicating
avoidance, might be especially important when expressed
by out-group posers thus eliciting more attention. To fur-
ther characterize these emotion dependent performance
differences, the frequency and quality of contact with
members of other ethnic groups, as well as sympathy rat-
ings for the presented faces, should be considered as these
might modulate neural activation and performance.
Moreover, Rozin, Lowery and Ebert [70] pointed out that
posed expressions of disgust containing nose wrinkle and
the combination of gape and tongue extension are most
clearly associated with negative sensory events and oral
irritation – the "core disgust". However, authors also dis-
cuss the upper lip retraction as a sign for "extended dis-
gust", which might be stronger influenced by cultural
background and also harder to recognize. Despite the fact
that all facial expressions have been validated before andPage 8 of 14
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evoked Caucasian expressions of disgust clearly differed in
expression style with half of the stimuli showing upper lip
retraction and the other half with gape and tongue.
Regarding the African-American stimuli, two third of the
pictures comprised expressions of "core disgust", proba-
bly enabling higher recognition accuracy.
Concerning the emotion recognition data obtained from
the VERT-K, an exploratory confusion analysis indicated
that CA expressions of disgust were most frequently mis-
taken as sadness (22% of all answers to disgust faces) fol-
lowed by the confusion of sadness with disgust (17%).
Previous data indicate a stronger confusion of disgust with
anger but also with sadness [cf. [71]] which might be due
to various factors, e.g., expression style (core vs. extended
disgust) and also intensity of expressions. Irrespective of
poser ethnicity and answering format, disgust is a com-
plex emotion and its correct recognition seems to be mod-
ulated by several factors.
Gender of rater
Both female and male participants exhibited robust bilat-
eral amygdala activation to all presented emotional and
neutral expressions and no significant gender difference in
amygdala activation was observed. This is in accordance
to previous reports of bilateral amygdala activation to
fearful faces in both genders [51].
Furthermore, we observed a significant correlation
between recognition accuracy and amygdala activation to
fearful stimuli across all subjects that – interestingly – was
driven mainly by the male sample. Separate correlation
analyses for females and males revealed a significant rela-
tionship only for the latter group for both, the left and
right amygdala. Hence, our data indicate that gender dif-
ferences might only occur on a subtle basis – in our study
affecting the association between behavioral responses
and amygdala activation, while neither behavioral nor
neural responses alone revealed gender differences. Thus,
our data are in perfect concordance with results from Sch-
neider et al. [72] who also observed a significant correla-
tion between mood parameters and amygdala activation
during sad mood induction only in the male subjects,
while no significant gender difference in mood parame-
ters occurred. The assumption that gender may exert its
influence on a relatively subtle basis might be supported
by previous studies that frequently reported lateralization
differences in amygdala activation between females and
males thereby lacking any gender differences in behavio-
ral measures or general amount/extent of amygdala acti-
vation [73-75]. These slight differences could reflect
different cerebral strategies of emotion processing result-
ing in a similar behavioral or functional outcome. The rea-
son for such different strategies remains however unclear
and should be investigated in greater detail in future stud-
ies.
Limitations
To gain stronger signal change and avoid susceptibility-
based signal loss and movement artifacts in the ventral
brain regions we used an event-related paradigm and
could acquire only 10 slices, thus accepting restricted
brain coverage. This enabled us to examine the amygdala
with optimized methodology; still a differentiation of
activation peaks into the separate nuclei seems not rea-
sonable. This should be pursuit in future studies since pre-
vious research indicated that the basolateral nucleus
possess the majority of afferences and is known to be
important for learning [76]. The central nucleus is the
principal output nucleus for the expression of condi-
tioned fear responses and is essential for adaptation to
chronic stress, e.g. [77]. It might be relevant for a wide
range of attentional processes as has been shown in ani-
mal studies, including both those involved in the acquisi-
tion of new information and those involved in directing
action, e.g. [78]. Moreover, in light of recent findings of
modulation of amygdala activation by hormone concen-
tration during emotion processing, involvement of this
particular region should be further explored. Moreover,
for most other regions known to be involved in emotion
processing whole brain analysis would be required to
study the complex neural circuits of facial emotion recog-
nition, implicating an interactive network with distrib-
uted activity in time and space (for review see [79]).
Furthermore, the impact of personality factors as well as
hormone levels on neural activation was not examined,
but would definitely help to further characterize the func-
tion and pattern of the emotional circuitry.
We applied an explicit emotion recognition task showing
in-group and out-group faces which were accompanied by
two emotional words (one on the left and right side of the
face), to specifically assess emotion recognition perform-
ance. As we intended to examine the role of the amygdala
during identification of emotions in facial expressions we
relied on this special task. Here, even a matching task
(using one emotional face as target and two alternative
faces as responses, one depicting the same emotion) is not
adequate, since it does not require the explicit categoriza-
tion of the face but rather a decision based on similarity.
It could therefore happen that the subject is not able to
name the emotion but nevertheless finds the correct emo-
tional face corresponding to the target. Thus, passive view-
ing tasks, gender discrimination tasks or matching tasks
using emotional expressions may involve some kind of
emotion processing they, however, do not adequately tap
the socially highly relevant function of emotion discrimi-
nation.Page 9 of 14
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response categories we are not aware of other practical
ways to examine the neural correlates of this basic social
ability. To our opinion response devices with more than
two or three response possibilities are not feasible in fMRI
settings and would hold too many sources of error since
subjects have no visual control of their responses poten-
tially leading to confounds. Furthermore it introduces
other confounding factors such as cognitive processes in
form of a higher working memory load.
Despite the listed advantages of explicit emotion recogni-
tion tasks and the justification for using it, the answering
format and the small amount of stimuli per subgroup pre-
vented careful analysis of error tendencies, which would
have been useful for interpreting the in-group/out-group
performance differences for some emotions. Hence,
future studies investigating emotion recognition should
apply more elegant designs that even allow analysis of
error tendencies.
The combination of behavioral with neural results
revealed a significant correlation between fear recognition
accuracy and amygdala activation supporting the special
relationship between this particular emotion and an
intact amygdala response. In addition, further analyses
and clarification, e.g., via analysis of incorrect responses,
are needed but are lacking in the current study due to the
limited amount of errors in this healthy sample.
Conclusion
We observed bilateral amygdala activation towards all
emotions during an explicit emotion recognition task and
consider this a substantial evidence in the literature on
emotion processing and amygdala activation since results
rely on a large sample size, are qualitatively optimized
with respect to the amygdala and clarify the impact of dif-
ferent important influencing factors, such as gender, cul-
ture and emotion on explicit emotion recognition. Hence,
the robust, bilateral amygdala activation in response to all
emotional expressions of faces of different cultural back-
ground indicates that an intact amygdala response as an
important part of the underlying neural network seems to
be fundamental for the evaluation of facial expressions of
emotions. This mechanism seems to operate similarly in
healthy females and males and for both in-group and out-
group ethnicities. However, a significant correlation of
amygdala activation and behavioral response to fearful
stimuli occurred, in particular in the male sample. Hence,
our data indicate that gender differences might only occur
on a subtle basis – in our study affecting the association
between behavioral responses and amygdala activation,
while neither behavioral nor neural responses alone
revealed gender differences. This indicates that the specific
association between an intact amygdala reaction and the
processing of fearful faces may not only be task dependent
but also subject to gender influences.
Methods
Participants
Twenty-five right handed healthy Caucasian females aged
19–36 years (mean age 24.5 years, SD = 3.8) and 25 right
handed healthy Caucasian males aged 20–35 years (mean
age 25.6 years, SD = 3.9) participated in the study. They
were recruited by advertisements posted at the University
of Vienna and the Medical University of Vienna, Vienna,
Austria. All subjects were paid for their participation and
written informed consent was obtained. The study was
approved by the local ethics committee and subjects were
treated according to the Declaration of Helsinki regarding
treatment of human research participants.
The presence of psychiatric disorders (according to DSM
IV) was excluded on the basis of the German version of
the Structured Clinical Interview for DSM (SCID) [80]
conducted by experienced clinical psychologists. The
usual exclusion criteria for MRI also applied. Females and
males were of similar age (p = 0.347) and years of educa-
tion (p = 0.851; females, mean = 17.44 years, SD = 3.0;
males, mean = 17.28 years, SD = 2.9).
All subjects completed two questionnaires measuring
handedness [81,82] and alexithymia (TAS) [20,83] and
no gender difference for alexithymia appeared (p = 1.000;
mean females: 48.28, SD = 6.6; mean males: 48.28, SD =
7.7).
Functional tasks
The functional task applied here has been described in
more detail elsewhere [29,34,84,85]. Briefly, the stimulus
material consisted of color photographs of facial expres-
sions portraying an equal number of the five basic emo-
tions (anger, disgust, fear, happiness and sadness) and
neutral expressions. All expressions were taken from a
stimulus set that has been standardized and used repeat-
edly as neurobehavioral probes in neuroimaging research
[16,29,34,35,84-88]. The stimulus material applied here
was also validated for the Austrian population [89]. The
stimuli were balanced for emotion (12 per each emotion
and 12 neutral) and gender (36 female, 36 male pictures).
Each actor appeared only once. To investigate the influ-
ence of poser ethnicity, half of the stimuli were Caucasian
(CA) faces; the other half African American (AA) and stim-
uli were equally distributed across facial expressions and
gender such that for each emotion and neutral 3 stimuli
were AA women, 3 were CA women, 3 were AA males, and
3 were CA males. Stimulus presentation was randomized
with regard to emotion, poser ethnicity and gender, and
the order of presentation kept constant between subjects.
Subjects were instructed to choose the correct emotionPage 10 of 14
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the image as accurately and as quickly as possible, by
pressing the corresponding button of a response box
using the right hand. One of the options was correct and
the other was selected at random from all other choices.
Emotional facial expressions were presented for a maxi-
mum of 5 s with a randomized, variable interstimulus
interval (ISI) ranging from 12 s to 18 s (during which sub-
jects viewed a scrambled face with a central crosshair).
Manual responses triggered immediate progression to the
next ISI. Stimuli were projected onto a screen and viewed
by the participants via a mirror mounted on the head coil.
The presentation of images, recording of responses and
acquisition of scanner triggers (one per TR) was achieved
using the Presentation© software package (Neurobehavio-
ral Systems, Inc., Albany, CA). Figure 4 shows examples of
emotion recognition task stimuli.
Behavioral data analysis
The behavioral data (emotion recognition performance
and reaction time) acquired during scanning were ana-
lyzed with repeated measures ANOVAs, with emotion
(anger, disgust, fear, happiness, sadness and neutral),
poser ethnicity (Caucasian and African American) and lat-
erality as within-subjects factors and gender as the
between-subjects factor. Greenhouse-Geisser corrected p-
values were used for all ANOVAs and post hoc results were
Bonferroni corrected.
FMRI acquisition parameters and data processing
Data acquisition
We used the same echo-planar-imaging (EPI) protocol
specifically optimized for measuring amygdala activation
at 3 T [31-33], as has been described in recent studies by
our group [29,34,84,85].
All subjects were examined with a 3 Tesla Medspec whole-
body scanner (Bruker Biospin, Ettlingen, Germany) at the
MR Centre of Excellence, Medical University of Vienna,
Austria. Functional Imaging was performed in the axial
plane using gradient-recalled EPI. Ten oblique axial slices
centered on the amygdala were acquired using asymmet-
ric k-space sampling (FOV = 25 × 21 cm, matrix size 128
× 91, slice thickness 2 mm, slice gap 0.5 mm, TR = 1000
ms, TE = 31 ms). Cardiac action and breathing were digit-
ally recorded to allow physiological artifact correction in
post-processing using physiofix [90] and retroicor [91]
algorithms, which further increased sensitivity [92].
Data preprocessing
Functional data were preprocessed using SPM2 http://
www.fil.ion.ucl.ac.uk/spm/spm2.html. Images were slice
timing corrected, realigned to the mean image and nor-
malized into the standardized stereotactic space. For rea-
sons of physiological and thermal noise, to increase SNR
and allow inferences as to statistical significance in the
context of the Gaussian random field theory, functional
Examples from the emotion recognition taskFigure 4
Examples from the emotion recognition task.Page 11 of 14
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sian kernel with a full-width-at-half-maximum of 9 mm;
see also [93,94].
For this event-related design, each stimulus was modeled
with a separate regressor, based on the individual
response period convolved with the canonical hemody-
namic response function and its temporal derivative. This
enables the calculation of contrasts for each valence sepa-
rated by ethnic group of poser. An additional regressor
without hemodynamic delay was used to account for sig-
nal changes due to head motion during stimulus presen-
tation. Regressors of each valence and group of poser were
pooled to assess brain responses to each emotion by eth-
nic group of poser leaving a minimum of 6 stimuli per cat-
egory for statistical analysis.
Statistical analysis was performed at the individual and
group level. To detect group differences, contrast images
from all subjects were included in a second level random
effects analysis. Gender differences were calculated with
two sample t tests. Effects of poser ethnicity were calcu-
lated with paired t-tests. Differences between the emo-
tions were examined by applying a one-way ANOVA with
emotion as within-subjects factor.
ROI analysis
To examine the implications of different analysis methods
both whole-slab and region of interest (ROI) approaches
were applied. Since our main hypothesis focused on the
amygdala and the results of the voxel-wise whole brain
analysis may be affected by minor mislocalization due to
imperfect normalization, we performed an additional
ROI analysis with the aim of maximizing the sensitivity to
amygdala results. A further aim was to analyze possible
hemispheric lateralization effects in greater detail. Note
that the data sets were spatially smoothed by a Gaussian
kernel of 9 mm, before whole-brain and ROI analysis, cor-
responding approximately to the size of the amygdala.
ROI definition was based on the MRIcro amygdala tem-
plate http://www.psychology.nottingham.ac.uk/staff/cr1/
mricro.html. Mean parameter estimates were extracted for
left and right amygdala ROI in each condition and subject
using IDL (Interactive Data Language, RSI Inc., Boulder,
CO, USA). Levene tests for homogeneity of variances indi-
cated homoscedasticity for all parameter estimates of all
emotions (neutral: p = 0.142; anger: p = 0.248; disgust: p
= 0.392; fear: p = 0.312; happy: p = 0.184; sad: p = 0.405),
left and right amygdala (left: p = 0.334; right: p = 0.725)
and ethnic group of poser (AA: p = 0.375; CA: p = 0.678).
A four-way ANOVA was applied with gender as between-
subjects factor and emotion, poser ethnicity and laterality
as repeated factors. Greenhouse-Geisser corrected p-val-
ues are presented.
Corollary analyses
Correlation analysis was performed for each emotion
between the behavioral parameters (recognition accuracy
with reaction time), recognition accuracy (correct
responses), and BOLD effect (Z-transformed values of the
mean parameter estimates within the amygdala as shown
by SPM random effects analysis), as well as reaction time
(seconds) and BOLD effect. As variation in correct
response rates were not distributed normally Spearman
rank correlations were calculated. For correlations that
reached significance across all subjects we further calcu-
lated separate correlation coefficients for female and male
participants and significant differences between correla-
tions were tested after Fisher Z transformation [95].
Results for the whole group, female and male subjects sep-
arately, and direct comparisons are presented at an FDR
corrected threshold of p < 0.05.
Authors' contributions
BD and UH designed the study, recruited subjects, ana-
lyzed behavioral and functional data, and wrote the man-
uscript. CW and SR were the physicists who conducted the
fMRI measurements, helped with functional data analyses
and writing of the manuscript. IKE, RCG and EM helped
with interpretation of data and the final version of the
manuscript. All authors contributed to and have approved
the final manuscript.
Acknowledgements
This study was supported by the Austrian Science Fund (FWF, P16669-B02 
to E.M.), B.D. and U.H. were further supported by the German Research 
Foundation (DFG, IRTG 1328, KFO 112) and the Medical Faculty of the 
RWTH Aachen University (IZKF TV N70, START 690811). R.C.G was sup-
ported by the National Institute of Mental Health Grant MH60722.
References
1. Morris JS, Frith CD, Perrett DI, Rowland D, Young AW, Calder AJ,
Dolan RJ: A differential neural response in the human amy-
gdala to fearful and happy facial expressions.  Nature 1996,
383:812-815.
2. Morris JS, Friston KJ, Büchel C, Frith CD, Young AW, Calder AJ,
Dolan RJ: A neuromodulatory role for the human amygdala in
processing emotional facial expressions.  Brain 1998, 121:47-57.
3. Blair RJR, Morris JS, Frith CD, Perrett DI, Dolan RJ: Dissociable
neural responses to facial expressions of sadness and anger.
Brain 1999, 122:883-893.
4. Nomura M, Ohira H, Haneda K, Iidaka T, Sadato N, Okada T,
Yonekura Y: Functional association of the amygdala and ven-
tral prefrontal cortex during cognitive evaluation of facial
expressions primed by masked angry faces: an event-related
fMRI study.  Neuroimage 2004, 21:352-363.
5. Whalen PJ, Shin LM, McInerney SC, Fischer H, Wright CI, Rauch SL:
A functional MRI study of human amygdala responses to
facial expressions of fear versus anger.  Emotion 2001, 1:70-83.
6. Britton JC, Taylor SF, Sudheimer KD, Liberzon I: Facial expressions
and complex IAPS pictures: common and differential net-
works.  Neuroimage 2006, 31:906-919.
7. Hariri AR, Tessitore A, Mattay VS, Fera F, Weinberger DR: The
amygdala response to emotional stimuli: a comparison of
faces and scenes.  Neuroimage 2002, 17:317-323.
8. Breiter HC, Etcoff NL, Whalen PJ, Kennedy WA, Rauch SL, Bruckner
RL, Strauss MM, Hyman SE, Rosen BR: Response and habituationPage 12 of 14
(page number not for citation purposes)
BMC Neuroscience 2009, 10:91 http://www.biomedcentral.com/1471-2202/10/91of the human amygdala during visual processing of facial
expressions.  Neuron 1996, 17:875-887.
9. Gläscher J, Tuscher O, Weiller C, Büchel C: Elevated responses to
constant facial emotions in different faces in the human amy-
gdala: an fMRI study of facial identity and expression.  BMC
Neurosci 2004, 5:45.
10. Somerville LH, Kim H, Johnstone T, Alexander AL, Whalen PJ:
Human amygdala responses during presentation of happy
and neutral faces: correlations with state anxiety.  Biol Psychia-
try 2004, 55:897-903.
11. Williams MA, Morris AP, McGlone F, Abbott DF, Mattingley JB: Amy-
gdala responses to fearful and happy facial expressions under
conditions of binocular suppression.  J Neurosci 2004,
24:2898-2904.
12. Williams MA, McGlone F, Abbott DF, Mattingley JB: Differential
amygdala responses to happy and fearful facial expressions
depend on selective attention.  Neuroimage 2005, 24:417-425.
13. Chiao JY, Iidaka T, Gordon HL, Nogawa J, Bar M, Aminoff E, Sadato
N, Ambady N: Cultural specificity in amygdala response to
fear faces.  J Cogn Neurosci 2008, 20:1-8.
14. Winston JS, O'Doherty J, Dolan RJ: Common and distinct neural
responses during direct and incidental processing of multiple
facial emotions.  Neuroimage 2003, 20:84-97.
15. Yang TT, Menon V, Eliez S, Blasey C, White CD, Reid AJ, Gotlib IH,
Reiss AL: Amygdalar activation associated with positive and
negative facial expressions.  Neuroreport 2002, 13:1737-1741.
16. Fitzgerald DA, Angstadt M, Jelsone LM, Nathan PJ, Phan KL: Beyond
threat: Amygdala reactivity across multiple expressions of
facial affect.  Neuroimage 2006, 30:1441-1448.
17. Sommer M, Döhnel K, Meinhardt J, Hajak G: Decoding of affective
facial expressions in the context of emotional situations.
Neuropsychologia 2008, 46:2615-2621.
18. Adolphs R, Tranel D, Damasio AR: The human amygdala in social
judgment.  Nature 1998, 393:417-418.
19. Winston JS, Strange BA, O'Doherty J, Dolan RJ: Automatic and
intentional brain responses during evaluation of trustworthi-
ness of faces.  Nat Neurosci 2002, 5:277-283.
20. LaBar KS, Gitelman DR, Mesulam MM, Parrish TB: Impact of signal-
to-noise on functional MRI of the human amygdala.  Neurore-
port 2001, 12:3461-3464.
21. Merboldt KD, Fransson P, Bruhn H, Frahm J: Functional MRI of the
human amygdala?  Neuroimage 2001, 14:253-257.
22. Cahill L: Why sex matters for neuroscience.  Nat Rev Neurosci
2006, 7:477-484.
23. Hamann S: Sex differences in the responses of the human
amygdala.  Neuroscientist 2005, 11:288-293.
24. Moriguchi Y, Ohnishi T, Kawachi T, Mori T, Hirakata M, Yamada M,
Matsuda H, Komaki G: Specific brain activation in Japanese and
Caucasian people to fearful faces.  Neuroreport 2005, 16:133-136.
25. Lieberman MD, Hariri AH, Jarcho JM, Eisenberger NI, Bookheimer
SY: An fMRI investigation of race-related amygdala activity in
African-American and Caucasian-American individuals.  Nat
Neurosci 2005, 8:720-722.
26. Wheeler ME, Fiske ST: Controlling racial prejudice: social-cog-
nitive goals affect amygdala and stereotype activation.  Psy-
chol Sci 2005, 16:56-63.
27. Cunningham WA, Johson MK, Raye CL, Chris Gatenby J, Gore JC,
Banaji MR: Separable neural components in the processing of
black and white faces.  Psychol Sci 2004, 15:806-813.
28. Sprengelmeyer R, Rausch M, Eysel UT, Przuntek H: Neural struc-
tures associated with recognition of facial expressions of
basic emotions.  Proc Biol Sci 1998, 265:1927-1931.
29. Habel U, Windischberger C, Derntl B, Robinson S, Kryspin-Exner I,
Gur RC, Moser E: Amygdala activation and facial expressions:
explicit emotion discrimination versus implicit emotion
processing.  Neuropsychologia 2007, 45:2369-2377.
30. Sander G, Grafman J, Zalla T: The human amygdala: an evolved
system for relevance detection.  Rev Neurosci 2003, 14:303-316.
31. Robinson S, Windischberger C, Rauscher A, Moser E: Optimized
3T EPI of the amygdalae.  Neuroimage 2004, 22:203-210.
32. Robinson S, Hoheisel B, Windischberger C, Habel U, Lanzenberger R,
Moser E: FMRI of the emotions: towards an improved under-
standing of amygdala function.  Curr Med Imag Rev 2005,
1:115-129.
33. Robinson SD, Pripfl J, Bauer H, Moser E: The impact of EPI voxel
size on SNR and BOLD sensitivity in the anterior medio-
temporal lobe: a comparative group study of deactivation of
the default mode.  MAGMA 2008, 21:279-290.
34. Derntl B, Windischberger C, Robinson S, Lamplmayr E, Kryspin-
Exner I, Gur RC, Moser E, Habel U: Facial emotion recognition
and amygdala activation are associated with menstrual cycle
phase.  Psychoneuroendocrinology 2008, 33:1031-1040.
35. Gur RC, Schroeder L, Turner T, McGrath C, Chan RM, Turetsky BI,
Alsop D, Maldjian J, Gur RE: Brain Activation during Facial Emo-
tion Processing.  Neuroimage 2002, 16:651-662.
36. LeDoux JE: Emotion: clues from the brain.  Annu Rev Psychol 1995,
46:209-235.
37. Todorov A, Engell AD: The role of the amygdala in implicit
evaluation of emotionally neutral faces.  Soc Cogn Affect Neurosci
2008, 3:303-312.
38. Vuilleumier P: How brains beware: neural mechanisms of emo-
tional attention.  Trends Cogn Sci 2005, 9:585-594.
39. Holland PC, Gallagher M: Amygdala circuitry in attentional and
representational processes.  Trends Cogn Sci 1999, 3:65-73.
40. Holland PC, Gallagher M: Amygdala-frontal interactions and
reward expectancy.  Curr Opin Neurobiol 2004, 14:148-155.
41. Feceteau S, Belin P, Joanette Y, Armony JL: Amygdala responses to
nonlinguistic emotional vocalizations.  Neuroimage 2007,
36:480-487.
42. Sander G, Scheich H: Auditory perception of laughing and cry-
ing activates human amygdala regardless of attentional
state.  Brain Res Cogn Brain Res 2001, 12:181-198.
43. Gottfried JA, O'Doherty J, Dolan RJ: Appetitive and aversive
olfactory learning in humans studied using event-related
functional magnetic resonance imaging.  J Neurosci 2002,
22:10829-10837.
44. Peelen MV, Atkinson AP, Andersson F, Vuilleumier P: Emotional
modulation of body-selective visual areas.  Soc Cogn Affect Neu-
rosci 2007, 2:274-283.
45. Phelps EA, LeDoux JE: Contributions of the amygdala to emo-
tion processing: from animal models to human behavior.
Neuron 2005, 48:175-187.
46. Whalen PJ, Rauch SL, Etcoff NL, McInerney SC, Lee MB, Jenike MA:
Masked presentations of emotional facial expressions modu-
late amygdala activity without explicit knowledge.  J Neurosci
1998, 18:411-418.
47. Wright CI, Martis B, Schwartz CE, Shin LM, Fischer HH, McMullin K,
Rauch SL: Novelty responses and differential effects of order
in the amygdala, substantia innominata, and inferior tempo-
ral cortex.  Neuroimage 2003, 18:660-669.
48. Hatfield E, Cacioppo JT, Rapson RL: Emotional contagion New York:
Cambridge University Press; 1994. 
49. Wild B, Erb M, Bartels M: Are emotions contagious? Evoked
emotions while viewing emotionally expressive faces: qual-
ity, quantity, time course and gender differences.  Psychiatry
Res 2001, 102:109-124.
50. Whalen PJ: Fear, vigilance, and ambiguity: initial neuroimag-
ing studies of the human amygdala.  Curr Dir Psychol Sci 1998,
7:177-188.
51. Killgore WD, Yurgelun-Todd DA: Sex-related developmental
differences in the lateralized activation of the prefrontal cor-
tex and amygdala during perception of facial affect.  Percept
Mot Skills 2004, 99:371-391.
52. Costafreda SG, Brammer MJ, David AS, Fu CH: Predictors of amy-
gdala activation during the processing of emotional stimuli:
A meta-analysis of 385 PET and fMRI studies.  Brain Res Rev
2008, 58:57-70.
53. Wager TD, Phan KL, Liberzon I, Taylor SF: Valence, gender, and
lateralization of functional brain anatomy in emotion: a
meta-analysis of findings from neuroimaging.  Neuroimage
2003, 19:513-531.
54. Hartje W: Emotion und Hemisphärendominanz.  Z Neuropsych
2001, 4:276-290. [Emotion and hemispheric dominance]
55. Zald DH: The human amygdala and the emotional evaluation
of sensory stimuli.  Brain Res Rev 2003, 41:88-123.
56. Gläscher J, Adolphs R: Processing of the arousal of subliminal
and supraliminal emotional stimuli by the human amygdala.
J Neurosci 2003, 23:10274-10282.
57. Wright P, Liu Y: Neutral faces activate the amygdala during
identity matching.  Neuroimage 2006, 29:628-6356.Page 13 of 14
(page number not for citation purposes)
BMC Neuroscience 2009, 10:91 http://www.biomedcentral.com/1471-2202/10/91Publish with BioMed Central   and  every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
58. Killgore WD, Yurgelun-Todd DA: Sex differences in amygdala
activation during the perception of facial affect.  Neuroreport
2001, 12:2543-2547.
59. Phelps EA, O'Connor KJ, Cunningham WA, Funayama ES, Gatenby
JC, Gore JC, Banaji MR: Performance on indirect measures of
race evaluation predicts amygdala activation.  J Cogn Neurosci
2000, 12:729-738.
60. Phillips ML, Medford N, Young AW, Williams L, Williams SC, Bull-
more ET, Gray JA, Brammer MJ: Time courses of left and right
amygdalar responses to fearful facial expressions.  Hum Brain
Mapp 2001, 12:193-202.
61. Das P, Kemp AH, Liddell BJ, Brown KJ, Olivieri G, Peduto A, Gordon
E, Williams LM: Pathways for fear perception: modulation of
amygdala activity by thalamo-cortical systems.  Neuroimage
2005, 26:141-148.
62. Keightley ML, Winocur G, Graham SJ, Mayberg HS, Hevenor SJ,
Grady CL: An fMRI study investigating cognitive modulation
of brain regions associated with emotional processing of vis-
ual stimuli.  Neuropsychologia 2003, 41:585-596.
63. Sergerie K, Chochol C, Armony JL: The role of the amygdala in
emotional processing: a quantitative meta-analysis of func-
tional neuroimaging studies.  Neurosci Biobehav Rev 2008,
4:811-830.
64. Kilpatrick L, Cahill L: Amygdala modulation of parahippocam-
pal and frontal regions during emotionally influenced mem-
ory storage.  Neuroimage 2003, 20:2091-2099.
65. Sergerie K, Lepage M, Armony JL: A process-specific functional
dissociation of the amygdala in emotional memory.  J Cogn
Neurosci 2006, 18:1359-1367.
66. Hart AJ, Whalen PJ, Shin LM, McInerney SC, Fischer H, Rauch SL: Dif-
ferential response in the human amygdala to racial outgroup
vs ingroup face stimuli.  Neuroreport 2000, 11:2351-2355.
67. Phelps EA, Cannistraci CJ, Cunningham WA: Intact performance
on an indirect measure of race bias following amygdala dam-
age.  Neuropsychologia 2003, 41:203-208.
68. Cunningham WA, Zelazo PD: Attitudes and evaluations: a social
cognitive neuroscience perspective.  Trends Cogn Sci 2007,
11:97-104.
69. Elfenbein HA, Ambady N: When familiartiy breeds accuracy:
cultural exposure and facial emotion recognition.  J Pers Soc
Psychol 2003, 85:276-290.
70. Rozin P, Lowery L, Ebert R: Varieties of disgust faces and the
structure of disgust.  Pers Soc Psychol 1994, 66:J870-881.
71. Elfenbein HA, Beaupré M, Lévesque M, Hess U: Toward a dialect
theory: cultural differences in the expression and recogni-
tion of posed facial expressions.  Emotion 2007, 7:131-146.
72. Schneider F, Habel U, Kessler C, Salloum JB, Posse S: Gender differ-
ences in regional cerebral activity during sadness.  Hum Brain
Mapp 2000, 9:226-238.
73. Kesler-West ML, Andersen AH, Smith CD, Avison MJ, Davis CE, Kry-
scio RJ, Blonder LX: Neural substrates of facial emotion
processing using fMRI.  Brain Res Cogn Brain Res 2001, 11:213-226.
74. Lee TMC, Liu HL, Hoosain R, Liao WT, Wu CT, Yuen KSL, Chan CC,
Fox PT, Goa JH: Gender differences in neural correlates of rec-
ognition of happy and sad faces in humans assessed by func-
tional magnetic resonance imaging.  Neurosci Lett 2002,
333:13-16.
75. McClure EB, Monk CS, Nelson EE, Zarahn E, Leibenluft E, Bilder RM,
Charney DS, Ernst M, Pine DS: A developmental examination of
gender differences in brain engagement during evaluation of
threat.  Biol Psychiatry 2004, 55:1047-1055.
76. Laurent V, Marchand AR, Westbrook RF: The basolateral amy-
gdala is necessary for learning but not relearning extinction
of context conditioned fear.  Learn Mem 2008, 15:304-314.
77. Keen-Rhinehart E, Michopoulus V, Toufexis DJ, Martin EI, Nair H,
Ressler KJ, Davis M, Owens MJ, Nemeroff CB, Wilson ME: Conti-
nous expression of corticotropin-releasing factor in the cen-
tral nucleus of the amygdala emulates the dysregulation of
the stress and reproductive axes.  Mol Psychiatry 2009, 14:37-50.
78. Holland PC, Han JS, Gallagher M: Lesions of the amygdala central
nucleus alter performance on a selective attention task.  J
Neurosci 2000, 20:6701-6706.
79. Vuilleumier P, Pourtois G: Distributed and interactive brain
mechanisms during emotion face perception: evidence from
functional neuroimaging.  Neuropsychologia 2007, 45:174-194.
80. Wittchen HU, Zaudig M, Fydrich T: Strukturiertes Klinisches Interview
für DSM-IV Göttingen, Hogrefe; 1997. 
81. Oldfield RC: The assessment and analysis of handedness: the
Edinburgh inventory.  Neuropsychologia 1971, 9:97-113.
82. Salmaso D, Longoni AM: Problems in the assessment of hand
preference.  Cortex 1985, 21:533-549.
83. Bagby RM, Parker JDA, Taylor GJ: The Twenty-Item Toronto
Alexithymia Scale – I. Item selection and cross-validation of
the factor structure.  J Psychosom Res 1994, 38:33-40.
84. Derntl B, Windischberger C, Robinson S, Kryspin-Exner I, Gur RC,
Moser E, Habel U: Amygdala activity to fear and anger in
healthy young males is associated with testosterone.  Psy-
choneuroendocrinology 2009, 34:687-693.
85. Derntl B, Habel U, Robinson S, Windischberger C, Kryspin-Exner I,
Gur RC, Moser E: Amygdala activation during recognition of
emotions in a foreign ethnic group is associated with dura-
tion of stay.  Soc Neurosci 2009, 4(4):294-307.
86. Gur RC, Sara R, Hagendoorn M, Marom O, Hughett P, Macy L,
Turner T, Bajcsy R, Posner A, Gur RE: A method for obtaining 3-
dimensional facial expressions and its standardization for use
in neurocognitive studies.  J Neurosci Methods 2002, 115:137-143.
87. Loughead J, Gur RC, Elliot M, Gur RE: Neural circuitry for accu-
rate identification of facial emotions.  Brain Res 2008,
1194:37-44.
88. Moser E, Derntl B, Robinson S, Fink B, Gur RC, Grammer K: Amy-
gdala activation at 3T in response to human and avatar facial
expressions of emotions.  J Neurosci Methods 2007, 161:126-133.
89. Hoheisel B, Kryspin-Exner I: Emotionserkennung in Gesichtern
und emotionales Gesichtergedächtnis. Neuropsychologische
Erkenntnisse und Darstellung von Einflussvariablen.  Z Neu-
ropsych 2005, 16:77-89. [Emotion recognition and memory for emo-
tional faces – neuropsychological findings and influencing factors]
90. Hu X, Le TH, Parrish T, Erhard P: Retrospective estimation and
correction of physiological fluctuation in functional MRI.
Magn Reson Med 1995, 34:201-212.
91. Glover GH, Li TQ, Ress D: Image-based method for retrospec-
tive correction of physiological motion effects in fMRI: RET-
ROICOR.  Magn Reson Med 2000, 44(1):162-7.
92. Windischberger C, Friedreich S, Hoheisel B, Moser E: The impact
of physiological artifact correction on individual and group
results of fMRI of the amygdala.  Neuroimage 2006, 31(S28):.
93. Robinson S, Pripfl J, Bauer H, Moser E: Empirical evidence for the
minimum voxel size required for reliable 3T fMRI of the
amygdala.  Neuroimage 2005, 26:35.
94. Triantafyllou C, Hoge RD, Krüger G, Wiggins CJ, Potthast A, Wiggins
GC, Wald LL: Comparison of physiological noise at 1.5 T, 3 T
and 7 T and optimization of fMRI acquisition parameters.
Neuroimage 2005, 26:243-250.
95. Bortz J: Statistik für Sozial- und Humanwissenschaftler Berlin: Springer;
2004. Page 14 of 14
(page number not for citation purposes)
